A reverse transcription-polymerase chain reaction (RT-PCR) method was developed for broadly detecting the avian encephalomyelitis virus (AEV). The new primers were based on conserved sequences of the 5'-untranslated region of AEV, because the virus was not detected using previous reported RT-PCR. By applying this method to the chicken samples with suspected AEV infection in Japan, we successfully obtained PCR products of the predicted size from all samples, and we confirmed the presence of AEV via sequence analysis.
Avian encephalomyelitis (AE) is an infectious viral disease affecting young chickens, pheasants, quails, and turkeys [9, 11] . The disease is characterized by ataxia and rapid tremors. The transmission of AE virus (AEV) infection generally occurs by vertical transmission, namely through infected eggs (egg transmission) or by horizontal transmission, namely through the fecal-oral route. Mature hens may experience a temporary decline in egg production; however, they do not develop neurological signs. Meanwhile, the morbidity rate in young stock is generally 40-60% if all chicks come from the infected flock. The mortality rate averages 25%; however, it may exceed 50% [9] .
AEV, a member of the family Picornaviridae, features a small positive-sense, single-stranded RNA genome [7, 8] . This genome, which is 7 kb nucleotides in length, comprises a 5′-untranslated region (5′-UTR) followed by a long open reading frame encoding a large polyprotein. AEV includes four structural proteins (VP-4, VP-2, VP-3, VP-1) from the P1 region and seven nonstructural proteins from regions P2 and P3 [5, 7] .
Clinically, AEV infection reveals similar symptoms as several other diseases, such as Newcastle disease, Marek's disease, rickettsial diseases, vitamin B1 or B2 deficiency, aspergillosis, salmonellosis, coccidiosis, omphalitis, and mycoplasmosis [1, 9] . For the differential diagnosis, isolation and identification of the causal agent are extremely important. In general, intracerebral inoculation of 1-day-old chicks and yolk-sac inoculation of specific pathogen free embryonated chicken eggs are performed to diagnose the AEV infection [11] ; however, these methods are extremely laborious and time-consuming. To conquer this problem, molecular methods such as reverse transcription-polymerase chain reaction (RT-PCR) are useful for rapid diagnoses.
Previously, Xie et al. reported a RT-PCR method using primers targeting to the VP2 gene [12] , which has been applied to certain field cases of AE in Japan. Recently, we also applied this method to the suspected cases of AE in Iwate Prefecture in Japan; however, we did not obtain successful results in some cases, which were diagnosed based on the pathological findings. Therefore, improvement of this method is necessary for the accurate diagnosis of recent AE cases in Japan. In this study, we designed new primers for RT-PCR to detect the AEV strains including the recent cases in Iwate Prefecture and applied this method to certain field samples obtained from chickens in other prefectures in Japan.
In Iwate Prefecture, 120 chicks among 3,000 birds hatched on September 30, 2015 exhibited clinical symptoms suspicious of AE. Neurological symptoms such as tremors, loose feathers, ataxia, and leg paralysis starting approximately at 5 days of age, were observed. Eight samples including brains were collected from 13 affected chicks for diagnosis on October 5 (5 day-old) and October 8 (8 day-old), 2015 (Table 1) .
For virus isolation, eight brains were ground using sterile sand and diluted using phosphate buffered saline to create 10% (w/v) homogenates. These homogenates were then centrifuged at low speed (3,000 × g for 10 min). The supernatants were inoculated into the yolk sacs of 5-7-day-old specific antibody-negative embryonated chicken eggs, and chicks were observed for any disease symptoms during the first 10 days after hatching, as described previously [2] . When clinical signs were observed, the brains were collected from six affected chicks. These six brain homogenates were centrifuged at 12,000 rpm for 10 min, and the supernatants were considered as AEV isolates (Table 1) . Together with the results of this virus isolation assay and histopathological findings, we diagnosed this case as AE infection. No bacteria related with the observed symptoms were isolated from the major organs of the affected chicks.
To detect the AEV genes by RT-PCR, viral RNA was extracted from the clinical samples and AEV isolates using a QIAamp ® Viral RNA Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. As aforementioned, we did not obtain any PCR products from the clinical samples and AEV isolates using Xie et al.'s method (Fig. 1A) .
As a mismatch with the nucleotide sequence used to generate the PCR primers was suspected, we designed new PCR primers for AEV detection using conserved sequences identical to the 5′-UTR as follows: AEV205f, 5′-CTTTGCGTTTCACAGAACCATCC-3′ (from the Calnek strain 5′-UTR, nucleotides 205-227, sense) and AEV489r, 5′-AAATGCTACCCTTAATCTCTC-3′ (from the Calnek strain 5′-UTR, nucleotides 469-489, antisense). PCR was performed using a SuperScript™ II One-Step RT-PCR kit (Thermo Fisher Scientific, Waltham, MA, U.S.A.) and the following amplification program: 50°C for 30 min, 94°C 2 min, 35 cycles of denaturation at 94°C for 30 sec, annealing at 50°C for 30 sec, and extension at 72°C for 30 sec, and a final extension of 72°C for 10 min. The RNA of commercially available AE live vaccine strains, namely AEV of #1010 (Vaxxinova, Tokyo, Japan), EH10-02-KS (Kyouritsu Seiyaku, Tokyo, Japan), and 0596 (Nisseiken, Tokyo, Japan), were used as positive controls. The PCR products were electrophoresed on a 2% agarose gel, stained with ethidium bromide, and were detected under UV light. The predicted size of the PCR products was approximately 285 bp. We obtained PCR products of the predicted size from eight clinical samples, six AEV isolates (Table 1) , and AEV vaccine strains using the newly designed primers (Fig. 1B) . For further confirmation, the PCR products were purified by a QIAquick PCR Purification kit (Qiagen) for direct sequencing. The purified PCR products were used as templates for sequencing on an Applied Biosystems 377 automated DNA sequencer (Thermo Fisher Scientific) using a Big Dye™ Terminator v1.1 Cycle Sequencing Kit (Thermo Fisher Scientific). The obtained nucleotide sequences of the PCR products of samples derived from the affected chicks in the Iwate Prefecture (abbreviated as Iwate 2015) were all identical. By GenBank BLAST database analysis, the obtained sequences of the 5′-UTR were closest to the 204C strain (accession No.KF979338), and Iwate 2015 was identified as AEV.
Moreover, we applied the developed RT-PCR to AEV samples obtained from other prefectures. We obtained brain homogenate samples from cases in Mie Prefecture in 2015 (Mie 2015) and 2016 (Mie 2016) and in Aomori Prefecture in 2015 (Aomori 2015). All samples were brain homogenates from the affected chicks. RNA extraction and RT-PCR were conducted, as described previously. Using the new method, PCR products of the expected size were obtained from all samples.
For further genetic analysis, we conducted phylogenetic analysis using the nucleotide sequences of the obtained PCR products. The phylogenetic tree was constructed via the maximum likelihood method [10] using MEGA 7 [4] . The nucleotide sequences of strains from other countries were obtained from GenBank using accession numbers AJ225173 (Calnek strain), AY275539 (L2Z strain), AY517471 (van Reokel strain), KF979338 (204C strain), and KT880668 (Pf-CHK1 strain) and were used for phylogenetic analysis.
The Using phylogenetic analysis, AEV strains in Japan were divided into two major groups (Groups A and B; Fig. 2 ). Group A comprised strains isolated in U.S.A. and China, whereas group B comprised strains isolated in Hong Kong and Hungary. Interestingly, we applied Xie's method [12] to the samples employed in this study; however, no amplification products were obtained from the group B samples. This appeared to be the result of mismatches between the designed primers and group B strains. We also applied another method [6] ; however, no amplification product was obtained from many samples employed in this study (data not shown). This failure also appears to be the result of mismatches with their designed primers. The 5′UTR of bovine enteroviruses was characterized by group-specific nucleotide sequences, having conserved regions that maintain the secondary structures [13] . Therefore, a specific primer targeting the 5′UTR was used for detection of the bovine enteroviruses [3] . Thus, it can be expected that the PCR primers designed in this study could be detect all AEV samples. By using our primers to detect AEV from field samples, an accurate virological diagnosis of AE is possible, and genetic analysis will contribute to the epidemiological analysis.
